To evaluate the value of preoperative ultrasound-guided fine-needle aspiration (UG-FNA) of ultrasound-detected suspicious parathyroid nodules for localization in Tc-99m MIBI-negative primary hyperparathyroidism patients.
Introduction
Primary hyperparathyroidism (PHPT) is caused by adenomatous and hyperplastic glands or adenocarcinomas that hypersecrete parathyroid hormone (PTH), and its treatment requires surgical resection of the abnormal glands. Most surgeons prefer to use localization studies before performing the primary parathyroidectomy because preoperative localization may reduce the duration of the surgery, decrease complication rates, and reduce the incidence of persistent or recurrent PHPT. [1] Dual-phase Tc-99m MIBI scans are commonly used in parathyroid lesion preoperative localization studies, but the sensitivity of these scans depends on the weight of the lesions and oxyphil cell content; [2] [3] [4] therefore, false-negative results can occur when the lesion is small or the solid components is smaller. Ultrasound (US) is also commonly used in parathyroid lesion preoperative localization studies and is more sensitive than the Tc-99m MIBI scan. [3, 5] US can detect lesions that are small or in which the solid component is small; however, it is sometimes difficult to distinguish between a parathyroid lesion and a thyroid nodule or a lymph node. Ultrasound-guided fine-needle aspiration (UG-FNA) is a minimally invasive technique that can determine whether the suspicious nodule is a parathyroid lesion by cytological evaluation, immunohistochemical staining, and aspirate fluid PTH determination. [6, 7] The aim of this study was to evaluate the value of preoperative UG-FNA for the localization of US-detected suspicious parathyroid nodules in Tc-99m MIBInegative PHPT patients.
Materials and methods

Study design
The local institutional review board approved this study (Peking Union Medical College Hospital, China). All patients provided their informed consent before undergoing UG-FNA. From May 2008 to December 2016, all PHPT patients referred to this institution underwent a Tc-99m MIBI scan and cervical US examination. The patients, whose Tc-99m MIBI was negative but had US-detected suspicious parathyroid nodules, underwent UG-FNA. The samples obtained from the solid component of the nodules were subjected to cytological evaluation and immunohistochemical staining. The samples obtained from the cystic component of the nodules were subjected to parathyroid hormone determination. After the aspiration, the nodules underwent surgical resection or long-term serum or radiological follow-up.
Tc-99m sestamibi (MIBI) parathyroid scintigraphy
After intravenous injection of Tc-99m MIBI, planar images of the head and neck region and chest were performed at a matrix size of 256 Â 256 (300k counts per frame) with a pinhole collimator. Scintigraphy was performed as a dual-phase single tracer examination. Images were acquired with the patient in the supine position for 15 to 25 minutes and 1.5-2 hours after injection of the radiopharmaceutical.
Cervical ultrasound (US) examination
All cervical US examinations were performed by 2 experienced radiologists (one with 25 years and one with 10 years of cervical US examination experience) using a linear probe (L12-5 IU22; Philips Medical System Ultrasound, Bothell, WA). The patients were in the supine position with a pillow beneath their shoulders to slightly hyperextend the neck. The usual localizations of the parathyroid glands were scanned to detect any lesions suggestive of a parathyroid pathology. A detailed examination of all localizations and of the upper mediastinum entry was completed until the end, regardless of whether a lesion was detected during the procedure. The thyroid gland was also evaluated by US, and the size of the thyroid lobes and characteristics of the thyroid parenchyma and nodules were noted.
UG-FNA
All UG-FNA procedures were performed by 1 experienced radiologist (20 years of UG-FNA experience) using a linear probe (L12-5 IU22; Philips Medical System Ultrasound, Bothell, WA) monitoring the direction and position of the needle. The patients were in the supine position with a pillow beneath their shoulders to slightly hyperextend the neck. The neck of the patients was disinfected and covered with a sterile towel. After the administration of 2% lidocaine local anesthesia, a 21-G needle connected to a 10-mL syringe penetrated the nodules. The needle aspirated several times in different parts of the nodule by maintaining negative pressure. After obtaining a sufficient amount of sample, the negative pressure was eliminated and the needle was removed. The samples obtained from the solid components were immediately smeared onto 3 to 5 sheets and fixed with 95% ethanol, while the remaining cell blocks were fixed with 10% formaldehyde. The samples obtained from the cystic components were injected into EDTA-coated tubes.
Assessment of aspirate samples
After hematoxylin and eosin staining, the smears underwent cytological evaluation. The cell blocks underwent immunohistochemical staining, including the PTH stain. Aspirate fluid PTH determination was performed using the Intact PTH Assay Kit (IMMULITE/IMMULITE 1000 Intact PTH, Siemens Medical Solutions Diagnostics, Los Angeles, CA).
Results
From May 2008 to December 2016, the Tc-99m MIBI scans of 15 PHPT patients (8 males and 7 females, mean age: 48.9 ± 16.5 years, age range: 22-75 years; preoperative serum PTH: 63.7 pg/ mL to more than 2500 pg/mL, reference range: 7-53 pg/mL) were negative, but cervical US detected one suspicious nodule in each patient (Table 1 ). Thirteen patients were referred for hypercalcemia and 2 patients were referred for suspected thyroid enlargement. The maximum dimension of the 15 nodules on US was 3.9 ± 1.5 cm (range: 1.1-6.4 cm). Eight nodules were located behind the thyroid or close to the lower pole of the thyroid. One nodule was located behind the upper part of the right lobe of the thyroid. Four nodules were located inside the thyroids, 1 nodule was located behind the thyroid with some parts protruding into the thyroid, and 1 nodule was located in the suprasternal fossa (lateral to the right subclavian artery). Five nodules were cystic ( Fig. 1 ), 5 were cystic and solid (Fig. 2) , and 5 were solid (Fig. 3 ). Ten cases (case nos. 2, 4, 5, 6, 8-10 and 13-15) received computerized tomography scans. Suspicious nodules were also detected in the locations where US detected them, but it could not be determined whether they were parathyroid lesions.
All 15 suspicious nodules underwent UG-FNA. Aspirate fluid was obtained from 10 nodules with a cystic component. Two samples were obtained from the solid nodule, and the PTH levels of 12 cases were markedly elevated (the PTH level was 302 and 337 pg/mL in 2 cases and >2500 pg/mL in the other 10 cases). Samples were obtained from the solid components of the 4 cystic and solid nodules and 4 solid nodules. The samples obtained from the solid components were subjected to cytological evaluation, and parathyroid cells were identified in 5 of them (Fig. 4) . Four cases were subjected to immunohistochemical staining and revealed PTH positive in the remaining cell block (Fig. 5) . The UG-FNA results suggested that all of the suspicious nodules were parathyroid lesions.
Thirteen patients with hypercalcemia underwent surgical resection, and the pathologies included 11 parathyroid adenomas, 1 parathyroid hyperplasia and 1 parathyroid carcinoma. Particularly, the histopathology of 11 parathyroid adenomas was independently reviewed. Of them, 9 (81.8%) cases were chief cell predominant (Fig. 6 ). The remaining 2 cases (18.2%) were oxyphil cell predominant (Fig. 7) . Two asymptomatic cases had been followed-up by serum PTH determination and US examination, 1 case for 5 years and the other case for 7 years; no significant change was found in these 2 cases.
Discussion
Large epidemiological studies have suggested that in 85% of PHPT patients, the disease is caused by a solitary parathyroid adenoma that secretes PTH, while in the other 15% of patients, it is caused by multiple-gland hyperplasia, multiple adenomas, or polyclonal hyperfunction. Furthermore, in less than 1% of PHPT patients, it is caused by carcinoma or a functional cyst. [8, 9] The distribution of this study population was generally consistent Li et The serum PTH level of the patient was 81.4 pg/mL and Tc-99m MIBI was negative, but US found a cystic nodule behind the lower pole of the left lobe of the thyroid. The aspirate fluid PTH level of the patient was 302 pg/mL. The patient was followed-up with serum PTH determination and US examination for 5 years; no significant change was found. MIBI = sestamibi, PTH = intact parathyroid hormone, US = ultrasound. with that distribution. In the 13 cases in which surgical pathology was obtained, 11 cases (84.6%, 11/13) were confirmed as solitary parathyroid adenoma, 1 case (7.7%, 1/13) was confirmed as parathyroid hyperplasia and 1 case (7.7%, 1/13) was confirmed as parathyroid carcinoma. This study included Tc-99m MIBInegative but US-detected suspicious cervical nodules, and Tc99m MIBI negativity was dependent on the weight of the parathyroid lesion, location, and oxyphil cell content; [2] [3] [4] therefore, these lesions were atypical in location and US characteristics. The location atypicality was in the thyroid (in 4 cases) and lateral to the right subclavian artery (in 1 case), and 1 case had some parts protruding into the thyroid. The US characteristic atypicality was anechogenicity (in 10 cases), uneven hypoechogenicity (in 3 cases), and isoechogenicity (in 1 case). Therefore, it was difficult to accurately diagnose these Tc99m MIBI-negative nodules using only US. Based on the histopathology, 9 (81.8%) of the 11 parathyroid adenomas were chief cell predominant. Only 2 (18.2%) cases were oxyphil cell predominant, which may partially account for the negative results of the MIBI scan. Several studies have demonstrated that cytological evaluation, immunohistochemical staining and aspirate fluid or rinse PTH determination of UG-FNA were helpful for preoperative localization in PHPT patients. Abraham et al [6] found that the sensitivity of cytological evaluation was 91% with a specificity of 95%. Owens et al [7] found that the nodules that were markedly elevated in rinse PTH determination were all parathyroid lesions. Kwak et al [10] found that the sensitivity of the rinse PTH was 92.9% with a specificity of 100%. Erbil et al [11] found that the sensitivity and positive predictive value of PTH-FNA to localize parathyroid adenoma were both 100%. Lieu [12] suggested that the immunohistochemical staining of cell blocks could correct the incorrect result obtained by cytological evaluation. In our study, according to the quantity of the samples, all cases underwent at least immunohistochemical staining or aspirate sample PTH determination; therefore accurate preoperative localizations were Figure 3 . A 26-year-old female was referred for suspected thyroid enlargement. The serum PTH level of the patient was 63.7 pg/mL and Tc-99m MIBI was negative, but US found a solid nodule with uneven echogenicity behind the lower pole of the left lobe of the thyroid. The cytological evaluation suggested parathyroid tissue and the PTH stain was positive. The patient was followed-up with serum PTH determination and US examination for 7 years; no significant change was found. MIBI = sestamibi, PTH = intact parathyroid hormone, US = ultrasound. For nodules containing cystic components, because a sufficient amount of fluid could easily be aspirated at one time, aspirate fluid PTH determination is the preferred method. It is worth mentioning this because several studies have suggested that rinse PTH determination was useful for a parathyroid pathology diagnosis. [7, 10] In our study, 2 samples from the solid nodules also underwent rinse PTH detection and were verified as parathyroid lesions. Samples obtained from the solid components may be combined with rinse PTH determination in future studies.
In this study, aspirate fluid PTH determination had no reference value, but Abraham et al [6] reported an aspirate fluid PTH value of the thyroid nodule of 9.0 ± 1.0 pg/mL, while Erbil et al [11] reported an aspirate fluid PTH value of the thyroid nodule of 48 ± 7 pg/mL (range: 5-57 pg/mL). The lowest aspirate fluid PTH value in this study (302 pg/mL) is markedly higher than those reported in the literature; therefore, the interpretation of the aspirate fluid PTH value was not affected. In addition, in the 12 cases in which an aspirate sample PTH value was obtained, the serum PTH values (81.4 and 95.2 pg/mL) of the 2 cases that had the lowest aspirate fluid PTH values (302 and 337 pg/mL) were significantly lower than those of the other 10 cases (317-1140 pg/ mL) in which the aspirate fluid PTH values were greater than the limit of quantification (2500 pg/mL), suggesting that the aspirate fluid PTH value is related to the serum PTH value. However, further studies with larger sample sizes are needed to validate these findings.
In our study, the serum PTH values of 2 cases (81.4 pg/mL in one case and 63.7 pg/mL in the other case) were slightly higher than the upper limit of the reference range (7-53 pg/mL) and these 2 patients were referred to this institution only for suspected thyroid enlargement. After determining parathyroid lesions by UG-FNA, the 2 patients selected follow-up instead of surgical resection because they had no other symptoms. These 2 cases show that UG-FNA can determine lesions that lead to elevated PTH levels in asymptomatic PHPT patients. Therefore, the changes in lesion size and structure by US, in addition to the change in serum PTH, should be monitored in these patients.
Our study has limitations. PHPT is a common endocrine disease with an estimated prevalence is 0.1-0.2%. [8] However, our study included Tc-99m MIBI-negative but US-detected suspicious cervical nodules; therefore, the sample size was small. We collected only 15 cases throughout more than 8 years. There were no false-positive or false-negative results of UG-FNA in this study. We hope that with the increase in the number of cases, this conclusion will be confirmed.
In conclusion, our data suggest that cytological evaluation, immunohistochemical staining, and aspirate fluid PTH determination of UG-FNA were helpful for preoperative localization in Tc-99m MIBI-negative PHPT patients with US-detected suspicious parathyroid nodules and can be applied selectively or in combination. Aspirate fluid PTH determination should be preferred for nodules with cystic components. The small sample size in our study might preclude its applicability in routine clinical practice. Further prospective study with large population is needed to confirm our conclusions in the future.
